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 Chapter 32 
 Development of Future Management Options 
for the Hawkesbury River 
 Bruce  Simmons ,  Uthpala  Pinto ,  Jennifer  Scott , and  Basant  Maheshwari 
 Abstract  The Hawkesbury River is a valuable community asset. In the last 200 
years there have been continuous and signiﬁ cant changes which have resulted in 
declining river health and impacts on community values. Management processes 
which purport to arrest this decline and provide protection or improvements to the 
quality of the Hawkesbury River were reviewed in light of community concerns and 
available water quality analysis data. Clear responses in waterway condition can be 
linked to catchment activities and some management processes to improve river 
health. It appears however, many such management practices have not been assessed 
or are not capable of assessment. The development of a framework to assess future 
management proposals for protection and remediation of the Hawkesbury River is 
proposed. 
 Keywords  Management options •  Hawkesbury River •  River health •  Community 
concern •  Water quality 
32.1  Introduction 
 While ever there have been communities living along the Hawkesbury River it has 
provided a source of food, a transport system, water for drinking and irrigation, a 
habitat for plants and animals and a spiritual and regional setting. Indigenous 
Australian populations lived in balance with the Hawkesbury for more than 13,000 
years according to the earliest evidence, while the nearby east coast of Australia 
bears testimony to over 30,000 years of occupation (Kohen  1998 ). For the last 220 
years, however, the river has supported European settlement in the Sydney region 
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from its early established role as the ‘granary’ of the colony to potable water, agri-
cultural products and building materials for most of the cities development. The 
catchment is now being invaded by urban development as an area of expansion for 
burgeoning Sydney, and the river is providing new ways to service the needs of the 
region. The latest is the growth of recreational and tourism needs of Western Sydney. 
 There have been many plans developed to manage impacts on the river system. 
There are concerns however, that the effectiveness of many past and current man-
agement practices has not been assessed or understood. As a result cost beneﬁ t 
analysis cannot be undertaken and signiﬁ cant time and funds may have been wasted. 
As well, there has been little regard of cumulative impacts to put many management 
plans into perspective and understand the effects of management practices on the 
river system over time and as a whole. 
 A review was undertaken in 2013 of past and present management processes 
which purport to provide protection or improvements to the quality of the 
Hawkesbury River’s aquatic ecology and to provide an assessment of their effec-
tiveness on the quality of the waterway. It is proposed that the outcomes of this 
review will have planning signiﬁ cance for river systems in rapidly developing areas 
surrounding cities (peri-urban areas) such as in Australia and Asia. Given this is the 
longest settled river catchment in Australia it gives lessons regarding river manage-
ment options for future decision makers. The purpose of this chapter is to provide 
an outline of this review. 
32.2  The Hawkesbury River System 
 The Hawkesbury River forms the western boundary of the Sydney Basin, and ﬂ ows 
through environments ranging from upland wetlands in the higher altitudes to the 
main river channels draining the Hawkesbury-Nepean river catchment. The river 
channel varies from deep sandstone gorges to wide ﬂ oodplains and includes ponds, 
sinuous channels and straight reaches. The river provides a wide range of habitats 
and landscapes in the region as well as venues for recreation and a necessary supply 
of water to households, industry and agriculture. The Hawkesbury-Nepean River 
(HNR) catchment covers approximately 22,000 km 2 and is bounded by the Great 
Dividing Range to the west, the Illawarra Range to the south, the hills of the 
Cumberland Plain to the east, and the Broken Bay Plateau to the north. It would 
appear that, as a normal pattern, the river is subject to alternating ﬂ ood and drought 
dominated regimes (Warner  1994 ). The ﬂ ooding patterns are supported by the rain-
fall patterns for New South Wales (NSW) since 1900 (Wiles  2007 ). 
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32.3  European Development Patterns 
 Whilst development of the Sydney region has had a direct impact upon the condi-
tion of the Hawkesbury River due to the urbanisation and building of impound-
ments and extraction of water supply in the twentieth century it was the land use 
changes within the catchment from the time of settlement which began the process 
of deterioration. 
 The ﬁ rst settlers initially cleared land along the banks of the Hawkesbury River 
between Wilberforce and the conﬂ uence with Rickaby’s Creek. From there land was 
rapidly cleared from the ﬂ ood plain of the Hawkesbury River and upstream Nepean 
River. This prompted further exploration and development of the southern high-
lands hence that much of this area was settled by the 1850s. Along the river and 
elsewhere agricultural activities involved the clearing of land, felling of trees and 
clearing of vegetation from riverbanks. This practice from the time of the earliest 
settlement caused soil loss and river bank slumping and exacerbated ﬂ ooding 
(Atkins  1826 ). Land clearance and grazing resulted in erosion and sedimentation of 
waterways in the catchment. 
 From around the 1850s NSW’s population began a steep upwards trajectory. This 
was spurred on by an inﬂ ux of free settlers and, led by the discovery of gold at 
Bathurst to Sydney’s west, by mining activities. In this period, coal and kerosene 
shale mines and smelting industries and primary production industries such as mill-
ing, wool spinning and weaving were developed. Activities included land clearing 
and road and rail construction and particularly in the rugged catchment resulted in 
signiﬁ cant soil and rock disturbance and instability and sediment transport to water-
ways in rain periods. The period (1850–1900) was one of intense ﬂ ooding which 
resulted in large quantities of sand and gravel transported down the river system. 
Large steamers could no longer navigate to Windsor and the tidal limit moved 
downstream from the junction of the Grose River to just above Windsor (Rosen 
 1995 ). 
 By 1990, due to the expansion of Sydney the ‘Upper Nepean Water Supply 
Scheme’, a series of weirs, canals and reservoirs was competed. This scheme has 
since developed into ﬁ ve major dams the last of which was completed in 1962 with 
the construction of the Warragamba Dam. Prior to this the population serviced from 
1888 to the completion of the Nepean Dam in 1939 had grown from approximately 
300,000 to 1.5 million (Henry  1939 ). The impact from the Nepean Scheme is appar-
ent in both ﬂ ow patterns and sediment transport. In dry times the dams shut off 
water from 41 % of the catchment (Warner  1981 ). Dams also block the transport of 
coarse sediment resulting in sediment starved ﬂ ows scouring channels and eroding 
riverbanks as was evident for long distances downstream of the dams (Warner 
 1983 ). Sand and gravel extraction to provide building materials for the expansion of 
Sydney has been undertaken since 1930 from ﬂ ood plains and in-stream of the 
Hawkesbury and Nepean rivers causing further in-stream instability. 
 Sydney’s population has continued to steadily grow over the last 200 years. After 
settlement and from about 1850 it appears to follow migration patterns to Australia 
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stimulated by the gold rush from the 1850s and two world wars in the twentieth 
century. In 2010 the population was 4.6 million (ABS  2008 ). This is expected to 
grow to about six million by 2031 (NSW Govt.  2013a ). 
 Sydney’s urban development has largely followed a trajectory from Sydney 
Harbour/Parramatta River to the ﬁ rst known crossing point of the Blue Mountains 
to the west. From this line urban development has spread north and south until 
restricted by geographical features such as the mountains, waterways and rugged 
bush land. Urban development is now to spread from the trajectory in Greater 
Western Sydney across the Cumberland Plain, particularly in the areas known as the 
Northwest and Southwest Growth Centres (NSW Govt.  2013a ). 
 In order to service extensive urban development sand and gravel extraction in the 
Hawkesbury/Nepean River and ﬂ ood plain increased in this period. From 1952 to 
1981 approximately 22 million cubic metres of sand and gravel had been removed 
between Penrith and Windsor. Since 1987 the Penrith Lakes Scheme has supplied 
approximately 50 % of the sand and gravel required by the Sydney building industry 
(NSW Government  2013b ). 
 From 1950 urban development has inﬂ uenced the regions hydrology in the fol-
lowing ways. Demand for potable supplies has grown with the population growth 
from 300,000 in the 1880s to approximately 4.6 million (2010). Increasing volumes 
of sewage efﬂ uent are being discharged to the river system. By 1980 there were 
approximately 34 sewage treatment works discharging to the river system servicing 
a population of approximately 300,000 (Approx., 72 million litres per day) pre-
dicted to grow to approximately to 1,000,000 (Approx., 240 million litres per day) 
by 2000 (SPCC  1983 ). Increasing urban development runoff also exacerbates cur-
rent impacts on the river. The hardened catchment increases stormwater ﬂ ows to the 
river, increasing ﬂ ooding potential, reducing groundwater ingress and carrying pol-
lutants into the river and tributaries. Pollutants include silts, nutrients, metals and 
pesticides and cause increased turbidity and increases aquatic plant growth. 
32.4  Community Perceptions of the Health 
of the Hawkesbury River 
 The contemporary community perception on the health o4erf the HNR is that it is 
degraded and has not improved signiﬁ cantly over the past few decades (Jennifeer 
Scott et al.  2010 ; Tucker et al.  2006 ; Intergrated Catchment and Environmental 
Management Research Group  2003 ; Pinto et al.  2012 ; Pinto  and Maheshwari 
 2015 ). Community perception analysis on river health was based on a number of 
river health indicators that are related to maintaining hydrologic balance (i.e., ﬂ ow, 
water quality, depth), visual appeal (i.e., ﬂ oating debris, river clarity, weeds), water- 
ﬁ t for-purpose (i.e., recreation, resilience, drinkable) and sustaining ecological 
integrity (i.e., ﬂ ora and fauna, bank stability) (Pinto et al.  2012 ). In other words, for 
the community a healthy river must have a considerable degree of clarity, free from 
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anthropogenic pollutants, must support potable uses and must be able to sustain 
ecological interactions. The community is also deeply concerned about the declin-
ing river clarity and visual appeal. 
 How the community has related to the Hawkesbury River and expressed any 
concerns about the quality over time can be demonstrated by a search of Australia’s 
newspapers. Using the TROVE research engine a search was conducted between 
1803 and 1950 (the current digitised limit). Preliminary analysis indicates when 
general patterns of concerns have been expressed (Table  32.1 ), many were consis-
tent with later analysis by Pinto et al. ( 2012 ).
 The exacerbation of ﬂ ooding and loss of navigation due to tree clearance and 
casting into the waterway was of great local concern at least up to October 1803 
when a ‘General Order’ forbidding the practice was issued by Governor King 
(Chapman  1803 ). The impact on river banks was apparent in paintings of Windsor 
at that time (Simmons and Scott  2006 ). 
 During the 1890s river trafﬁ c had almost ceased because of the deposition of silt 
and other materials blocking the river channels. Between 1872 and 1882 more than 
60 boats (many of them steamers) were trading as far as Windsor but by the year 
1890 the river trafﬁ c had all but ceased because of silting (Jack  1980 ). This was also 
illustrated in paintings of Freemans Reach by Arthur Streeton in the 1890s (Simmons 
and Scott  2006 ). 
 Various reports of shallowing of the river were made around this time. In an 
attempt to solve this problem a public meeting in 1886 called for a dredge to operate 
on the river. This was the ﬁ rst dredge to operate on the river and in 1882 it com-
menced removing sand downstream of Windsor (Bowd  1969 ). After ﬂ ooding con-
tinually replenished the sand in the channel the idea was abandoned and dredges 
were not to operate again till the need for building sand and aggregate was realised 
in the 1930s. 
 Table 32.1  The condition of 
the Hawkesbury River, issues 
of concern 
 Issue/concern  Earliest date 
 Flooding  1789 
 River bank clearance  1803 
 Virtues of Hawkesbury River  1829 
 Sydney water supply needs  1838 
 Calls for irrigation  1881 
 Hawkesbury River 
conservancy 
 1884 
 Silting and navigation issues  1881 
 Pollution by sewage concerns  1903 
 Conﬂ ict of uses  1924 
 Conditions of mining leases  1928 
 River discoloration  1936 
 Noxious weeds  1941 
32 Development of Future Management Options for the Hawkesbury River
544
32.5  Legal and Public Decision Making Impacts 
on the Hawkesbury Nepean River System 
 In the early days the colony, including those settlements near the river, was con-
trolled by a Governor who represented the British monarch or ‘the Crown’. The 
Crown owned and controlled the land, water, plants and animals. However, these 
institutional arrangements established in the early days of the colony set in train a 
decision making approach and attitudes to land use that it may be argued ignored 
any need to control impacts on the river. In 1862 the Real Property Act introduced 
the system of Torrens Title for land ownership guaranteed by government (Riley 
 2012 ). Land ownership rights traditionally permit the right’ to exploit natural 
resources found upon the land’ (Bates  2006 ). This system of exploitation of the land 
appears to have not only inﬂ uenced private land owners but also managers of public 
lands (Bates  2006 ). 
 The intrinsic commodiﬁ cation of natural resources as a key priority directing 
government decision making and private venture may explain why community 
assets such as the river were exclusively managed for the maintenance of their direct 
utility to the colony. This commodiﬁ cation failed to recognise the land and river as 
part of an inter-dependent system, rather it appears to have parcelled up the land, 
water body and forests and regarded them as isolated resources for successive 
exploitation. The Torrens title system of apportioning blocks of land effectively 
disrupted the ﬂ ow of the natural systems existent in the river catchment. The extent 
of this disruption appears proportional to the population density and level of human 
impact on the natural systems of the river (Simmons and Scott  2006 ). By 1900 envi-
ronmental impacts were becoming evident, these impacts included introduced spe-
cies outcompeting native species, a reduction in species targeted for building and 
furniture making and soil erosion (Pain and Wright  2003 ). 
 Patterns of land development in the Sydney Basin operated on a principle of 
‘Path’ development which focused on pursuing development where communities 
could be most easily connected to other population centres. The early townships 
established around the Hawkesbury had the beneﬁ t of the river to connect them to 
the port of Sydney, a destination for their market goods and a general source of 
services and supplies. The path development pattern continues today putting devel-
opment in areas most easily connected by roads and some cases rail. Sydney’s ridge 
top development pattern is a legacy of the historical use of the path development 
pattern (Troy  2004 ). 
 Separating people from the noxious effects of industry was a wise strategy. In the 
early years of the twentieth century public health legislation attempted to ﬁ ll the 
void created by the ignorance of the effects of environmental degradation. Bates 
( 2006 ) notes the connection between human and environmental health was a largely 
piecemeal approach. Pollution was initially regarded as little more than a discom-
fort and incidental to public health. Although the evidence mounted that there was 
a connection it took the better part of 100 years to recognise the cost of neglecting 
the impacts of pollution (Bates  2006 ). 
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 After 1945 post-war activity in the Hawkesbury area was quickly intensiﬁ ed with 
the introduction of new technology. The development of agricultural technology 
including irrigation enabled farmers to increase the productivity of their land. 
Agricultural activities, less dependent on land quality, but highly polluting such as 
poultry and pig farming emerged in the Hawkesbury region. In the 1960s and 1970s 
the community was forced to take notice of the growing environmental costs 
bequeathed by unfettered resource acquisition, manufacture and disposal of goods 
on an ever increasing scale. According to Pain and Wright ( 2003 ) this period also 
saw the rise of organisations such as the Australian Conservation Foundation and 
the development of speciﬁ c legislation designed to protect the environment and 
combat the growing number of pollution problems. Such Acts included the (NSW) 
Clean Air Act 1961, the (NSW) Clean Waters Act 1970, the (NSW) Pollution 
Control Act 1970, (NSW) the Waste Disposal Act 1970 and the (NSW) Noise 
Control Act, 1975. Pain and Wright ( 2003 ) also note it was during this period that 
government watchdog agencies such as the (NSW) State Pollution Control 
Commission and the (NSW) Metropolitan Waste Authority were commissioned. 
This legislation served to separate land use planning from environmental impact 
and formalise the introduction of environmental impact assessments under the 
(NSW) Environmental Planning and Assessment Act introduced in 1979. 
 There have been a number of government agencies commissioned since the 
1990s to manage the health of the HNR and its catchment, viz., State Pollution 
Control Commission, Healthy Rivers Commission, River Management Forum, 
Hawkesbury-Nepean Catchment Management Trust (HNCMT), Hawkesbury- 
Nepean Management Authority (HNCMA) and The Ofﬁ ce of the Hawkesbury- 
Nepean (OHN). The HNCMT was established in 1993 as a result of widespread 
community concern over the health of the HNR system and its catchment. It was 
considered an independent and well-coordinated government body whose programs 
had shown considerable improvements of river health management programs 
(Jennifeer Scott et al.  2010 ; Pinto and Maheshwari  2013 ). Until HNCMT was dis-
solved in 2001, this authority was majorly responsible for planning and manage-
ment actions conducted in the catchment. 
 The HNCMA, now amalgamated with the Sydney Catchment Management 
Authority, stands as the only authority that has a direct say on the river catchment. 
The OHN was established in 2009 and decommissioned in 2011. The tasks con-
ducted previously by the OHN is now distributed among a number of government 
agencies viz., NSW Ofﬁ ce of Water, Ofﬁ ce of Environment and Heritage, 
Metropolitan Water Directorate, HNCMA and Hawkesbury River Country Council. 
32.6  River Health Improvement Programs 
 Over the last 30 years, the government of New South Wales has implemented a 
range of investigations (Tables  32.2 and  32.3 ) and initiatives to improve river health 
of the HNR. However, the effectiveness of such programs has not been evaluated 
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against the value of resources invested (i.e., River Restoration project; 2006 1.99 
million dollars, Hawkesbury-Nepean River Recovery Program in 2009; 77.4 mil-
lion dollars), nor has assessable or measurable improvements in river health after 
the program been completed. In reality, many government initiatives were restricted 
to short term due to limited funds. As a result most river health improvement pro-
grams have a short life span and are not conducted vigorously enough to obtain 
signiﬁ cant improvements in the river system (Pinto and Maheshwari  2013 ).
 All of these programs have purported to offer improvement of the Hawkesbury 
River but only two appear to have had or could have a measurable effect on the 
 Table 32.2  Major investigations on river health 
 Year  Organisation  Investigations 
 1994  Hawkesbury-Nepean Catchment 
Management Trust 
 Hawkesbury-Nepean Task Force 
 1998  Healthy Rivers Committee  Independent Inquiry into the Hawkesbury 
Nepean River System 
 1999  NSW Ofﬁ ce of Water  Stressed 
Rivers 
Assessment Report – Hawkesbury-Nepean 
 2005  Hawkesbury-Nepean Catchment 
Management Authority 
 Hawkesbury-Nepean River Management 
Forum 
 2008  Hornsby city council  Lower Hawkesbury-Estuary Management 
Plan 
 Table 32.3  Major river health improvement programs over the last few decades 
 Year  Organisation  Program 
 1986  MWS & DB  Nutrient Removal Program 
 1996  Hawkesbury-Nepean Catchment 
Management Trust 
 Phosphorus Action Program 
 1995  Hawkesbury-Nepean Catchment 
Management Trust 
 Erosion and Sediment Control 
Policy and program 
 2001  Hawkesbury-Nepean Catchment 
Management Trust 
 Strategic Plan for the Management 
of the Hawkesbury-Nepean 
Catchment and River System 
 2006  Hawkesbury-Nepean Catchment 
Management Authority 
 River Restoration Project 
 2007  HNCMA, NSW-DPI, Natural 
Heritage Trust 
 Hawkesbury-Nepean Catchment 
Weed Management Strategy 
 2009  Ofﬁ ce of the Hawkesbury-Nepean  Hawkesbury-Nepean River Recovery 
Program 
 2010  Sydney Water  Replacement ﬂ ows project 
 2007–2016  HNCMA  Hawkesbury-Nepean Catchment 
Action Plan 2007–2016 
 2012–2023  Hawkesbury-Nepean Catchment 
Management Authority 
 Hawkesbury-Nepean Catchment 
Action Plan 2012–2023 
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health of the Hawkesbury River. These are Nutrient Removal from Sewage efﬂ uent 
and Environmental Flows. 
 From 1986 Sydney Water began progressive tertiary treatment of sewage efﬂ uent 
discharging into the Hawkesbury River System. This involved reducing ammonia 
concentration and nitrogen and phosphorus removal. There has been a measurable 
progressive reduction in plant nutrient and suspended algae (phytoplankton) con-
centrations in the river since this time (see next section). 
 The ﬂ ows of the HNR are majorly inﬂ uenced by water extraction for potable and 
industrial uses (i.e., 22 dams, 15 weirs) in Sydney, Blue Mountains and Illawarra 
regions, water extraction for irrigated agriculture, efﬂ uent discharged by STPs (i.e., 
18 STPs) and water transfers into the Nepean and Wingecarribee Rivers from 
Shoalhaven River (Varley  2002 ). In 2005, Hawkesbury-Nepean River Management 
Forum decided that the provisional environmental ﬂ ows that were designated in 
SCA’s Water Management Licence were inadequate to maintain the sustainability 
of the river. Thus, the forum recommended the release of ‘all inﬂ ows into the dam 
at low ﬂ ow periods and release of a proportion of the inﬂ ows during medium and 
high ﬂ ow’ (Diamond  2004 ). The aim of his recommendation was to keep the ﬂ ows 
in HNR similar to that of natural ﬂ ows. At present, the Metropolitan Water 
Directorate is conducting an Environmental Flow Option Assessment to investigate 
whether the further release of water into the HNR from the dam could help maintain 
or improve the river’s health. 
32.7  River Health Over the Last 20 Years 
 Over the last few decades, the river management agencies have conducted a large 
number of river health improvement programs targeting the water quality and catch-
ment health. In theory, the overall river health should be improved proportionately 
to the funds which had been allocated. In this section, we broadly look at water 
quality trends of the HNR system over the past few decades, present patterns in 
aquatic ﬂ oral communities and highlight different ﬂ ow regimes attempted by river 
management authorities. 
32.7.1  Water Quality 
 There are two key documents that describe the long-term water quality data of the 
entire HNR System for the past 20–30 years (Krogh et al.  2008 ; Pinto et al.  2013 ). 
The study by Krogh et al. ( 2008 ) holistically investigated the long-term changes in 
water quality, quantity and range of biological variables between 1980 and 2000 
using data collected for Hawkesbury-Nepean River Environmental Monitoring 
Program. Pinto et al. ( 2013 ) used a range of multivariate analytical techniques on 
six selected water quality parameters, viz., temperature, chlorophyll-a, dissolved 
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oxygen, oxides of nitrogen, suspended solids and reactive silicates, measured at 
weekly intervals between 1985 and 2008. Some key ﬁ ndings from studies by Krogh 
et al. ( 2008 ) and Pinto et al. ( 2013 ) are summarised in Table  32.4 .
 Figure  32.1 represents changes in z-scale standardised annual median values of 
four water quality variables viz., Chlorophyll-a, suspended solids, total phosphorus 
and total nitrogen at three locations on the Hawkesbury River.. These sites were 
chosen to cover the Hawkesbury river system. The North Richmond is the most 
upstream site. Lower Portland is in the tidal reach of the river system. In general, 
Total Phosphorus and Chlorophyll-a declined over the 1986–1990 period and then 
remained stable. This is in line with the Sydney Water’s nutrient removal program, 
‘Water Plan 21’ started in 1994. However, Total Nitrogen and suspended solids ﬂ uc-
tuated over time. Further, all parameters ﬂ uctuated considerably at Lower Portland 
compared to North Richmond and Wilberforce.
 Overall, the water quality of the HNR has been ﬂ uctuating on a spatio-temporal 
scale over the last few decades. The major reasons include changes to ﬂ ow regimes, 
reduced loads of nutrients in STP efﬂ uent, extensive land use changes, effects of 
climate change and river health improvement strategies initiated by government 
agencies. These factors inﬂ uenced at varying levels along the river resulting in rela-
tively improved water quality in some parts of the river system while declining 
water quality in other parts of the river. 
 In the estuarine section of the river (i.e., Lower Portland), the tidal exchange 
plays a crucial role in determining the water quality. However, the water quality of 
the middle section of the river is inﬂ uenced by the quality and quantity of STP dis-
charge and surface runoff. 
 In general, describing the river health improvement in relation to the river health 
improvement strategies is a challenging task. What is evident from past river quality 
trends is that the river system has responded intermittently to the short-term river 
health improvement initiatives but failed to leave a lasting impact on the river health 
after the lifetime of such programs. The trend of river health improvement, in 
 Table 32.4  Some long term water quality trends in the HNR 
 Krogh et al. ( 2008 )  Pinto et al. ( 2013 ) 
 Increased water quality in many sites 
(e.g. indicated by decreases in 
ﬁ lterable and total phosphorus) 
 River has two major zones, the polluted (middle section 
with a length of approximately 98 km) and clean (upper 
and lower sections of the river accounted for 
approximately 158 km of the river) 
 Increased electrical conductivity 
(indicates increased salt levels) 
 Increased trend in water temperature 
 Declined water quality in some sites 
(e.g. total and inorganic nitrogen 
downstream of West Camden Sewage 
Treatment Plant) 
 Decreased trend in suspended solids 
 Declined chlorophyll- a levels and 
little change in blue-green algal cell 
counts at many sites 
 There are peaks visible for NOx near STP discharge 
points 
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 Fig. 32.1  Annual median water quality trends of Chlorophyll-a (CHL-a), Suspended solids ( SS ), 
Total Phosphorus ( TP ), Total Nitrogen ( TN ) and Rainfall at four sites between 1947 and 2009. 
Y-axis represents the z-scores of water quality variables (This data was obtained from various 
sources CSIRO, SPCC and Pinto et al.  2013 ) 
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 relation to the number of river health improvement strategies and amount spent is 
not clear. The improvements we see in the river system are ‘improvement in water 
quality from what was a relatively poor condition’ and the river system has a ‘long 
way to go before meeting water quality objectives’ such as ANZECC/ARMCANZ 
guidelines (Krogh et al.  2008 ). 
32.7.2  Aquatic Plants 
 The algae problem in the river system has been an ongoing issue viz., large algal 
blooms reported in 1983, 1985, 1988 and 1991 (Hawkins et al.  1994 ; Saunders and 
White  1993 ). However, the intensity (i.e., distribution) and the frequency of blooms 
has reduced over the last 5–10 years. The prime reason for phytoplankton blooms in 
the river system is the presence of plant nutrients in excessive levels. These nutrients 
are added to the river system mainly through diffuse-source pollution from urban 
and agricultural runoff (during high ﬂ ow periods) and treated efﬂ uent from STPs 
(during low ﬂ ow periods) (Bishop et al.  2002 ; Krogh et al.  2008 ). The reduction in 
intensity and frequency of large algal blooms are consistent with nutrient reduction 
strategies undertaken at STPs and catchment. 
 In 2007, the NSW Department of Agriculture conducted a survey on the abun-
dance and distribution of submerged, emergent and ﬂ oating macrophytes of the 
HNR (Thiebaud and Williams  2007 ). The major submerged genera reported were 
Vallisneria gigantean, Hydrilla verticillata and Egeria densa. The abundance of 
Vallisneria gigantean and Hydrilla verticillata was consistent with earlier studies 
(SPCC  1983 ). The extent of Egeria densa growth was viewed with concern by 
Roberts et al. ( 1999 ). In the past the widespread introduced species of Egeria densa, 
Elodea canadensis, Alternanthera philoxeroides, Eichhornia crassipes and Salvinia 
molesta have been considered as a considerable threat to the recreational activities 
and visual amenity of the river system (Thiebaud and Williams  2007 ). 
 The accumulation of nutrients and frequency of phytoplankton blooms has 
reduced over the last 30 years. Nevertheless, the distribution and abundance of 
exotic macrophytes has reduced the recreational and visual amenity of the river. 
32.8  Conclusions and Recommendations 
 The Hawkesbury River has been a valuable community asset while ever there have 
communities living along the river. In the last 200 years, however, there have been 
continuous and signiﬁ cant changes which have resulted in declining river health and 
impacts on community values. 
 There are a signiﬁ cant number of Government acts, regulations and programs 
concerning protection, remediation and management of the Hawkesbury River. 
Issues of community and agency concerns have included river bank clearance, 
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 silting and navigation issues, turbidity, algal blooms and noxious weeds. Water 
quality analysis undertaken around 1980 indicated high nutrient levels and respond-
ing algal blooms. From 1986, however, there appeared to a signiﬁ cant response due 
to  progressive nutrient reduction in sewage efﬂ uent. This is the only program that 
can be linked to the multitude of management programs developed to protect or 
improve the quality of the Hawkesbury River. 
 It can be demonstrated that clear responses in waterway condition can be linked 
to catchment activities and some actions to improve river health. It appears however, 
many such actions or management practices have not been assessed or are not capa-
ble of assessment. The development of protocols or a framework to assess future 
management proposals for protection and remediation of the Hawkesbury River is 
recommended. It is suggested that this include investigation of legal river status 
with recognised values and rights of its own, as has been undertaken in New Zealand 
and Canada. 
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